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application in FET work which was jj|ally introduced and described in the J-FET 
* "ahaly sf s of Section 1.3. 



5.3 THRESHOLD CONSIDERATIONS 



Perhaps because of the method of presentation, fledgling device analysts are sometimes 
under the impression that the nonidealities discussed in relationship to the MOS-C do not 
affect the MOSFET. This impression is, of course, totally false. Sodium ions in the oxide, 
for example, can cause the threshold or turn-on voltage for both n - and p -channel devices 
to occur at large negative gate biases. Moreover, movement of the ions within the oxide 
can cause the drain current observed at a given bias point to drift as a function of time. 
(The threshold voltage changes with time corresponding to the voltage translation of the 
C-V characteristics in the MOS-C analysis.) If present in large densities the interfacial 
traps which "spread out" the MOS-C C-V characteristics can likewise increase the change 
in gate voltage required to achieve a desired A/ D at a given drain voltage. In other words, 
interfacial traps can reduce the "gain" (Al D /&V G \v D ) of a transistor. While it is true that 
both the mobile ion and interfacial trap problems were minimized early in MOSFET 
development, the remaining nonidealities, primarily through their effect on V T , have had 
a large (incredibly large) impact on fabrication technology, device design, and modes of 
operation. In this section we will examine a number of related items which generally fall 
under the heading of threshold considerations. 

5.3.1 Threshold Voltage Relationships 

An expression for the threshold voltage V{ exhibited by an ideal device is readily 
established using the delta-depletion formulation and relevant relationships previously 
presented in Section 3.2. Specifically, combining Eqs. (3.7) to (3.9) and noting V' G = V' T 
when U s - 2t/ F , one obtains 
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2<fr + — V4qN A K s e Q <l>p for n -channel (p-bulk) devices 
2<£f ~ — ^^qNoKsSoi - <^) for p -channel (n-bulk) devices 



(5.27) 

(5.28a) 
(5.28b) 



where, as previously defined, fa = (kT/q)U F . 

An expression for the threshold voltage V T exhibited by a real device is next established 
by simply evaluating Eq. (4.16) at the U s = 2U F point; i.e., 
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(5.29) 



4I> 




1 * ilt 



1 1 f i S 1 



. " n « - " jiE.fr 

5* 1 "a. 1 Jfrg'^f 

°° 5 5 ft f < S. S 

, 3- f? | 8 I -5 £. n 



friae-ow* >». ; a ^ -r, _ ^ <r ^- J! 



r o ti • a - 
* 3 _ w o 



Q f 



- "» — o _ 



i 3- < ?V 



1 £8 S § s « S. 5 

j t 3 5 5 g 3- 8 3 * I 
^ 1 s i * S ? S 3 5 



5 if ti \kilm 




o m 
o »d 



€ f 



Ok 



I 1 



3 2 

i 



1 

1^1 



S-Q5 



? I 

a- | 



i £ < 



^ a § 
5 o ™ 

I far 
s is 

$11 




1! 



2 a, 

R 3 



il 





PIS 




+ 
I 

1*1 




o 

CO 



o 
m 
■n 

> 



O 
9 

CO 



NMfM 



o o 5 
s? « » 



1 1 

g O 
> ^ 



I! 

O 



° O 



- 3 * 

: s | 



3 « 





IA 
q 




8-8 

Cl C 



31 3 

»J 00 



2! 5 d g" 



- a a s' 



2 « 



c & Oo rn 

« < _ *** 



r"8 § 



« o 



3' 2 g » 

1*IiB 



i Is i 



3 « ~ £ Sofa 

r ~ o a « ^ a 



' ^ O 3 w rn 



IP 

If S 

g 5 o 

is 2 



2. -ft 

5 C o o 



3 .5 



3 » 3 



2 
o 

SO 



I 8 if 2 

— 5 c w 



3 

_ » = 

s 8 

n to o 



3 n Tl 



3 9.S 

S. o. -» 

ff "8 a 

» §■ 3 

° * R 

sf S & 

« En « 

? &1 

2 fi 3 



a rz 



00 

to " 

3 « 
sr x 
o D> 



I* 



+ 



3 



ti 

o 



I 

o 



o 

s 
5 

o 



98 MOS FIELD EFFECT TRANSISTORS 



biasing changes the inversion point in the semiconductor from 26, to 2<fc= - V Th, 
.deal dev.ce threshold potential given by Eq. (5.28a) is in turn mJZZfto " 

^DBMMrid = 20f - V K + ■p-V2qN A K s e 0 (26 P - V BS ) 
for n -channel devices (V BS < 0) 
Since VcBfai threshold = ^js|« threshold - V BSt we can alternatively write 



(5.35) 
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2 ^ + -pV2qN K K %EQ {2^ - V BS ) for "-channel devices 

C 0 " (V BS <0) (5 " 36a > 



26, - — y/lqNrf.sejy^ - 26,) for * -channel devices 
C ° (V BS >0) 



(5.36b) 



the negative threshold of a p-channel MOSFET ™ t£ . ? . C 

are routmely employed ,n works primarily concerned with MOS devicTphysks 
5.4 ac RESPONSE 

5.4.1 Small Signal Equivalent Circuits 
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the drain or channel conductance 
transconductance or mutual conductance 
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Srf™™ d *\ re ^ (5 13) (5 17) 

and (5.25) usmg the Eq. (5.37) definitions are catalogued in Tabled. ( ^ 



